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(57) ABSTRACT 

In one embodiment, the current source arrangement com 
prises a current source (B), that has two output terminals (102. 
103) and a control input (101) to be supplied with a control 
Voltage (Vgs) and is set up to provide a current (I) as a 
function of a voltage (Vds) at the output terminals (102,103) 
and the control Voltage (Vgs), an operating point adjustment 
unit (E) that is supplied with an actual value (Vi) proportional 
to an actual value of the current (I) and is set up to provide the 
control Voltage (Vgs) as a function of the actual value (Vi) and 
a predetermined target value (IZ) of the current (I), and a 
comparison unit (A) coupled to the control input (101) of the 
current Source (B) for providing a monitoring signal (100), 
wherein the monitoring signal (100) is provided as a function 
of a predetermined limit voltage (VG) and the control voltage 
(Vgs). A method for operating a current source arrangement 
is also specified. 

10 Claims, 3 Drawing Sheets 
4.902,970 A * 2/1990 Suquet .......................... 324,173 
7,701,184 B2 * 4/2010 Pan ............................... 323,276 
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1. 

CURRENT SOURCE ARRANGEMENT, 
CIRCUIT ARRANGEMENT WITH THE 

CURRENT SOURCE ARRANGEMENT AND 
METHOD FOR OPERATING SUCH AN 

ARRANGEMENT 

RELATED APPLICATIONS 

This application claims the priority of German patent 
application no. 10 2010 022 310.7 filed Jun. 1, 2010, the 
entire content of which is hereby incorporated by reference. 

FIELD OF THE INVENTION 

The invention relates to a current Source arrangement, a 
circuit arrangement with the current Source arrangement and 
a method for operating a current source. 

BACKGROUND OF THE INVENTION 

Current sources based onfield effect transistors, MOSFET, 
or bipolar transistors are used in countless applications for a 
very wide variety of purposes. The ability of the current 
Source to Supply a constant current under different loads, 
different output voltages and different Supply Voltages is of 
great importance in this regard. To achieve this, the current 
Source must be run at the proper operating point under all 
conditions. 

In known implementations of such MOSFET current 
Sources orbipolar current sources, the correct operating point 
is determined by implementing a regulation of the provided 
current by monitoring the infed supply Voltage, the provided 
Voltage for an electrical load or a drain Voltage or collector 
Voltage of the current Source, and assessing the operating 
point on that basis. In the dimensioning of the circuit, a 
reserve (as defined below) must be planned for in each case in 
order to indicate incorrect behavior and/or initiate corrective 
measures that prevent the current source from leaving its 
operating range. The reserve has the effect, however, that the 
current Source no longer operates in the optimal current 
range. 

SUMMARY OF THE INVENTION 

One object of the invention is to provide a current source 
arrangement that can be operated at the correct operating 
point under all conditions. 

In one embodiment, the current source arrangement com 
prises a current source, an operating point adjustment unit and 
a comparison unit for providing a monitoring signal. The 
current source comprises two output terminals and a control 
input for Supplying a control Voltage. The current source is set 
up to provide a current as a function of a Voltage at the output 
terminals and as a function of the control Voltage. The oper 
ating point adjustment unit is supplied with an actual value 
proportional to an actual value of the current. The operating 
point adjustment unit is set up to provide the control Voltage 
as a function of the actual value and a predetermined target 
value of the current. The comparison unit is coupled to the 
control input of the current source. The monitoring signal is 
provided as a function of a predetermined limit Voltage and 
the control Voltage. 

The control voltage is supplied to the current source. The 
current Source provides the current; the Voltage drops at its 
output terminals. The actual value, an actual Voltage for 
instance, which is proportional to the actual value of the 
current is Supplied to the operating point adjustment unit. 
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2 
Starting from the actual value and a predetermined target 
value of the current, the operating point adjustment unit pro 
vides the control Voltage. The comparison unit acquires the 
control Voltage and compares it to the predetermined limit 
voltage. If it falls below the predetermined limit voltage, then 
this is indicated in the form of a level change of the monitor 
ing signal. 
The current Source arrangement monitors the control Volt 

age of the current Source. In case of a level change of the 
monitoring signal, appropriate corrective measures can be 
initiated by a higher-level controller, or the incorrect behavior 
of the current source can be indicated. This ensures that the 
current source is always operated at the correct operating 
point. Due to the monitoring of the control Voltage, the cur 
rent source can be operated up to the transition range from the 
current source operation to linear operation before the cor 
rective measure is initiated based on the monitoring signal, or 
incorrect behavior is signaled. Thereby it is advantageously 
possible to achieve an optimal efficiency of the current source 
operation. Moreover, no additional reserves are necessary for 
determining the Voltage level in the monitoring in order to 
take into account process and parameter fluctuations of com 
ponents or functional blocks and temperature influences. The 
current source arrangement advantageously adapts to the 
variable conditions automatically. 

In another embodiment, one of the output terminals is set 
up for connection to an electrical load. 
The current is supplied to the connectable electrical load. 
In a refinement, one of the output terminals is coupled to 

the operating point adjustment unit to detect the actual value 
or the actual voltage. 
The operating point adjustment unit is adaptive. It provides 

the control voltage based on the actual value for the desired 
operating point of the current Source. 

In another embodiment, the connectable electrical load 
comprises at least one diode. 
The at least one diode is, for example, a light-emitting 

diode. 
In a refinement, the comparison unit is provided for adjust 

ing a Supply Voltage of a Supply unit. 
The Supply unit provides the Supply Voltage. The monitor 

ing signal enables the adjustment of the level of the Supply 
Voltage with which the current source is operated. 

In a refinement, the comparison unit is set up to recognize 
an open state of the connectable electrical load. 

In this alternative embodiment, the monitoring signal indi 
cates if a terminal of the connectable electrical load is open. 

In another embodiment, the current source is configured as 
a field effect transistor, e.g., as an NMOS or PMOS transistor. 

In another embodiment, the current source is configured as 
a bipolar transistor. It can be configured as an NPN type or a 
PNP type. 

In an embodiment in which the current source comprises a 
p-channel MOSFET oran n-channel MOSFET and the two 
output terminals are consequently drain and Source terminals, 
the control input is the gate terminal of the field effect tran 
sistor. 

In one embodiment, a circuit arrangement comprises a 
current source arrangement as described above as well as a 
supply unit and an electrical load. The electrical load and the 
current source form elements of a series circuit. The Supply 
unit is set up to provide a Supply Voltage for this series circuit. 
The series circuit is related to a reference potential terminal. 
The Supply unit provides the Supply Voltage for the current 

source or the load. The electrical load is supplied with the 
current generated by the current source. The control input of 
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the current source is adjusted according to the predetermined 
target value of the current and the operating point situation of 
the current source. 
Due to the fact that the control voltage of the current source 

is monitored directly, it is advantageously possible to imple 
ment a predictive regulation of the current source. An optimal 
efficiency of the current source is achieved because, in com 
parison to conventional methods, no reserves need to be 
planned for and the Voltage at the output terminals of the 
current source can be as Small as possible. 

In one embodiment, a method for operating a current 
Source arrangement has the following steps: 

provision of a control Voltage for a current source with two 
output terminals, 

provision of a current of the current source as a function of 
a Voltage at the output terminals of the current source and a 
function of the control Voltage, 

acquisition of an actual value proportional to the current, 
adjustment of the control Voltage as a function of the actual 

value and a predetermined target value of the current, 
acquisition of the control Voltage, and 
provision of a monitoring signal as a function of a prede 

termined limit Voltage and the control Voltage. 
The monitoring signal indicates when the control Voltage 

can no longer be increased and the output current of the 
current source threatens to drop. Consequently, a correspond 
ing re-regulation of a Supply Voltage provided by a Supply unit 
can take place as a corrective measure. This prevents the 
current source from entering the range of Switching mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Components and circuit elements that are functionally 
identical or have the identical effect bear identical reference 
signs. 

FIG. 1 shows a first exemplary embodiment of a current 
Source arrangement in a circuit arrangement according to the 
invention; 

FIG. 2 shows an additional exemplary embodiment of a 
current source arrangement in a circuit arrangement accord 
ing to the invention; 

FIG.3 shows examples of characteristic curves of a current 
Source arrangement according to FIG. 2; 

FIG. 4 shows an exemplary application of a current source 
arrangement according to the invention; and 

FIG. 5 shows an additional exemplary application of a 
current source arrangement according to the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an exemplary embodiment of a current 
Source arrangement in a circuit arrangement according to the 
invention. The current source arrangement comprises a cur 
rent source B, an operating point adjustment unit E and a 
comparison unit A. The current source B comprises a control 
input 101, a first output terminal 102 and a second output 
terminal 103. The first output terminal 102 of the current 
Source B is coupled to a terminal of the operating point 
adjustment unit E. Another terminal of the operating point 
adjustment unit E is coupled to the control input 101 of the 
current source B. The comparison unit A is likewise con 
nected to the control input 101 of the current source B. The 
comparison unit A further comprises a terminal 104 to be 
supplied with a predetermined limit voltage VG. The limit 
voltage VG indicates the voltage difference between the 
maximum possible control voltage at the control input 101 
and a Supply Voltage VDD of the current source arrangement. 
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4 
The optimum value of the limit voltage VG is dependent on 
the implementation of the operating point adjustment unit E. 
A monitoring signal 100 is provided at an output of the 
comparison unit A. The limit voltage VG is provided by a 
voltage source DC which is related to a reference potential 
terminal 10. A voltage Vds drops between the output termi 
nals 102 and 103 of the current source B. 
The current source B is controlled by the operating point 

adjustment unit E via the control input 101. The control 
voltage Vgs results from the difference of the voltages at the 
second output terminal 103 and at the control input 101. The 
current source B Supplies a defined current I. In the operating 
point adjustment unit E, the control input 101 of the current 
Source B is adjusted according to the current specifications 
and the operating point situation of the current source B. In 
the operating point adjustment unit E, which can also be 
called an adaptive bias control, an actual value Vi, which is 
proportional to the current I, is acquired. The actual value Vi 
is an actual Voltage, for example. The operating point adjust 
ment unit E provides the control Voltage Vgs as a function of 
this actual value Viand the specifications for the current I. The 
comparison unit A compares the state of the control input 101 
with the specified voltage VG at the terminal 104. The result 
of the comparison is indicated with a corresponding logic 
level of the monitoring signal 100. 
The current source arrangement is operated in the circuit 

arrangement according to the invention. This comprises a 
Supply unit D for providing a Supply Voltage VDD, and an 
electrical load C that is connected in series to the current 
source B. The current I of the current source B is supplied to 
the electrical load C. 
The current source B is implemented in this exemplary 

embodiment as a p-channel field effect transistor PMOS. The 
control Voltage Vgs is accordingly a gate-source Voltage. The 
Voltage Vds drops as a drain-source Voltage between the two 
output terminals 103 and 102 of the current source B. 

FIG. 2 shows an additional exemplary embodiment of a 
current source arrangement in a circuit arrangement accord 
ing to the invention. This embodiment is identical to that of 
FIG. 1 with the difference that the current source Bhere is 
implemented as an n-channel field effect transistor NMOS, 
and a current-measuring resistor W is connected between the 
current source B and the reference potential terminal 10 in 
order to detect the actual current I. The electrical load C is 
arranged between the supply unit D and the current source B. 
In addition, the voltage source DC for providing the limit 
voltage VG is related to VDD. 

This form of implementation for detecting the actual value 
Vi represents an alternative embodiment for detecting the 
actual value. For an embodiment corresponding to FIG. 1, the 
actual value is tapped at the drain of the current Source tran 
sistor, and a current measuring resistor is not necessary. 
The control of the current source arrangement according to 

FIG. 2 will be explained in detail in connection with the 
characteristic curves from FIG. 3. 
FIG.3 shows exemplary characteristic curves of a current 

Source arrangement according to FIG. 2. The Voltage Vds 
between the two output terminals of the current source B is 
shown on the abscissa. The curve of the current I, on the one 
hand, and the curve of the control voltage Vgs, on the other, 
are shown on the ordinate. The solid line shows the curve of 
the control voltage Vgs relative to the voltage Vds. The bro 
ken line shows the curve of the current Irelative to the voltage 
Vds at the two output terminals of the current source B. The 
value IZ designates the predetermined target value of the 
current I, which the current source B is to deliver constantly. 
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The characteristic curve of the control voltage Vgs is sub 
divided into three ranges. If the voltage Vds were smaller than 
a first voltage V1, the transistor of the current source B would 
be in Switching mode with a dependency of the current on the 
voltage Vds. The range between the first voltage V1 and a 
second voltage V2 designates a transition range of the NMOS 
transistor. The range in which the Voltage Vds is greater than 
the second Voltage V2 characterizes the regular current Source 
operation. 

If the Voltage Vds at the output terminals of the current 
Source B is reduced in regular current source operation, for 
example by a change of the load C or a change of the Supply 
voltage VDD of the supply unit D, the control voltage Vgs 
begins to rise. If the transition range between the first and the 
second voltage V1,V2 has been reached, the control voltage 
Vgs always increases more sharply until the remaining Volt 
age difference from the magnitude of VDD reaches the limit 
voltage VG. From this point, the current source B would be 
operated in Switching mode, and the current I would radically 
decline. The regulation of the current Source arrangement is 
set in Such a manner that the monitoring signal 100 changes 
shortly before the limit voltage VG is reached. This ensures 
that the current Source B does not reach the range of Switching 
mode operation. In contrast to known solutions, however, the 
transition range between first and second Voltages V1,V2 can 
be used. In the prior art, this range of V1 to V2 was not used 
and constitutes what has been referred to herein as the 
“reserve'. 
A characteristic curve field corresponding to FIG.3 for the 

embodiment according to FIG.1 results by mirror inversion at 
the intersection point of the abscissa and ordinate into the 
third quadrant of the coordinate system. The Voltages and 
currents then have negative signs. 
By virtue of the fact that in the present case the control 

Voltage Vgs is directly monitored, and since the dynamics of 
the control input 101 have the same dependence in regard to 
parameter and process fluctuations and to environmental 
influences as the current source B itself, the trigger point for 
the monitoring signal 100, i.e., the trigger point for regulating 
the current Source, can be shifted into the transition area 
between the first and the second voltages V1,V2. The current 
Source arrangement advantageously automatically adapts to 
processing and parameter fluctuations of components as well 
as to temperature influences. 

FIG. 4 shows an exemplary application of a current source 
arrangement according to the invention. The illustrated cir 
cuit is identical to that from FIG. 1, wherein the monitoring 
signal 100 is supplied to a digital controller F that provides a 
first control signal S1. The control signal S1 is supplied to the 
supply unit D. The digital controller F is an example of the 
above-mentioned higher-level controller. Digital controller F 
can be a digital control logic device such as an FPGA (Field 
Programmable Gate Array). The supply unit D is imple 
mented, for example, as a charge pump. For the sake of 
example, the load C in this case has a series circuit comprising 
three light-emitting diodes, which are related to the reference 
potential terminal 10. 
The monitoring signal 100 is used in this application to 

control the Supply unit D, i.e., the charge pump, with the aid 
of the digital controller F and thus raise or lower the supply 
voltage VDD as needed. The supply voltage VDD is raised 
digitally and only reduced with a time delay that is imple 
mented in the digital controller F. Such a hysteresis can alter 
natively be implemented in the comparison unit A. It is advan 
tageously ensured by means of the hysteresis that the level of 
the supply voltageVDD is not continually raised and lowered. 
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6 
FIG. 5 shows an additional exemplary application of a 

current source arrangement according to the invention. The 
arrangement is identical to the application shown in FIG. 4. 
with the difference that the digital controller F in this case also 
produces an output signal S2. The monitoring signal 100 is 
evaluated here by the digital controller F, so that the signal S2 
changes its level if a terminal of the electrical load C is open. 
The scope of protection of the invention is not limited to the 

examples given hereinabove. The invention is embodied in 
each novel characteristic and each combination of character 
istics, which includes every combination of any features 
which are stated in the claims, even if this feature or combi 
nation of features is not explicitly stated in the examples. 

We claim: 
1. A current source arrangement comprising: 
a current source that has two output terminals and a control 

input configured to be supplied with a control Voltage 
and adapted to provide a current as a function of a 
Voltage at the output terminals and the control Voltage; 

an operating point adjustment unit that is Supplied with an 
actual value proportional to an actual value of the current 
and is set up to provide the control Voltage as a function 
of the actual value and a predetermined target value of 
the current; 

a Supply unit configured to provide a Supply Voltage for 
operating the current Source; and 

a comparison unit coupled to the control input of the cur 
rent Source for providing a monitoring signal, and con 
figured to adjust the Supply Voltage of the Supply unit, 

wherein the monitoring signal is provided as a function of 
a predetermined limit voltage of the control voltage. 

2. The current source arrangement according to claim 1, 
wherein one of the output terminals is set up to connect to an 
electrical load. 

3. The current source arrangement according to claim 2, 
wherein one of the output terminals is coupled to the operat 
ing point adjustment unit for detecting the actual value. 

4. The current source arrangement according to claim 2, 
wherein the electrical load comprises at least one diode. 

5. The current source arrangement according to claim 1, 
wherein the comparison unit is set up to recognize an open 
state of the connectable electrical load. 

6. The current source arrangement according to claim 1, 
wherein the current source is implemented as a field-effect 
transistor. 

7. The current source arrangement according to claim 1, 
wherein the current source is implemented as a bipolar tran 
sistor. 

8. A circuit arrangement with a current source arrangement 
according to claim 1, comprising: 

an electrical load that is connected in series to the current 
source, wherein the series circuit is supplied by the 
Supply unit and is related to a reference potential termi 
nal, and wherein the Supply unit is coupled to one of the 
output terminals of the current source. 

9. A method for operating a current Source arrangement 
comprising: 

providing a control Voltage for a current source with two 
output terminals; 

providing a current of the current source as a function of a 
Voltage at the output terminals of the current source and 
as a function of the control Voltage; 

acquiring an actual value proportional to the current; 
adjusting the control Voltage as a function of the actual 

value and a predetermined target value of the current; 
acquiring the control Voltage; 
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providing a monitoring signal as a function of a predeter 
mined limit Voltage and the control Voltage; and 

adjusting a Supply Voltage for operating the current source 
based on the monitoring signal. 

10. The current source arrangement according to claim 1, 5 
wherein the current source is operated in a linear range. 

k k k k k 


